In 10 patients serum inorganic fluoride increased to a mean peak value of 16 |xmol. litre" 1 after 2 h of enflurane anaesthesia. Four days after anaesthesia, serum inorganic fluoride had decreased to the values before operation. The maximum daily inorganic fluoride excretion in urine (U F V) did not exceed 200 nmol. litre"
Enflurane (Ethrane), 2-chloro-l,l,2-trifluorethyldifluoromethylether (CHF 2 -O-CF 2 CHFC1), a potent non-flammable volatile general anaesthetic agent, has been in general use in North America since 1971 and has been introduced in Europe more recently. It is now on limited clinical trial in the United Kingdom, and we report our initial experience.
Renal damage associated with prolonged use of a related agent, methoxyflurane, is probably a result of inorganic fluoride produced during metabolism of this compound (Cousins and Mazze, 1973) . Although inorganic fluoride is a product of the metabolism of enflurane also, the serum concentrations are less than in the case of methoxyflurane .
We have administered enflurane to 10 patients in whom metabolism of enflurane to inorganic fluoride was studied (group 1), and to 20 patients in whom haematological and biochemical variables were studied before and after anaesthesia (group 2).
PATIENTS AND METHODS
Patients with normal renal function before operation, physical status grades I-III (American Society of Anesthesiologists (1963) classification), requiring general anaesthesia for various surgical procedures, gave written consent for the administration of enflurane and the collection of appropriate blood and urine samples. The protocol of the study was approved by the Ethics Subcommittee of King's College Hospital. 
Group 1
Central venous blood samples were analysed, before operation and for 4 h after operation, for inorganic fluoride concentration using a fluoridespecific electrode (Fry and Taves, 1970) .
Anaesthesia was induced with thiopentone; pancuronium was used for muscle relaxation and after intubation of the trachea anaesthesia was maintained with nitrous oxide in oxygen and enflurane 0.5-2.5%. IPPV was provided by a Manley ventilator; enflurane was delivered from an Enfluratec vaporizer (Cyprane Limited). Blood concentrations of enflurane were estimated in central venous blood samples using a silicone oil extraction technique (Jones et al., 1978) . For 4 days after operation peripheral venous blood samples and urine were analysed for inorganic fluoride.
Group 2
In 20 patients, undergoing abdominal surgery, anaesthesia was induced with thiopentone and maintained with nitrous oxide in oxygen and enflurane 0.5-2.5%. Where appropriate, the trachea was intubated after administration of pancuronium. A Magill circuit was used for spontaneous ventilation, and a Manley ventilator for IPPV. Enflurane was delivered from an Enfluratec vaporizer.
Before operation and at 24 h and 5 days after operation, peripheral venous blood samples were taken for analysis of the following: serum bilirubin, total proteins, albumin, aspartate aminotransferase (AST), hydroxybutyrate dehydrogenase (HBD), calcium, phosphate, sodium, potassium, alkaline phosphatase (ALP), magnesium, calcium, creatinine, uric acid, urea and blood glucose. All measurements were carried out by the Biochemistry Laboratory, King's College Hospital, using standard methods employing the Auto Analyser SMA 6/60 and 12/60 (Technicon Limited). In addition, haemoglobin concentration (Hb), packed cell volume (PCV) and white blood cell count (WBC) analyses were performed.
Student's t test for unpaired data was used for statistical analysis. Blood enflurane. Blood enflurane concentration increased to a mean peak of 95 y.g. ml"
RESULTS

Group
1 (SEM ± 8.6) after 30 min of enflurane anaesthesia. One patient who received 2% enflurane had a peak blood enflurane concentration of 97ng.ini-1 after 120 min of anaesthesia.
After discontinuing enflurane, the blood concentrations decreased quickly and were less than 0.5 [xg. ml" 1 90 min after operation.
Daily urine inorganic fluoride excretion (U V V).
Normal U F V in man drinking fluoridated water is in the range 30-80 (zmol. day" 1 . After enflurane anaesthesia the urinary inorganic fluoride concentrations peaked at a mean value of 200 (zmol. day-1 on the 1st day after operation. By the 4th day after operation U F V was approaching the normal range ( fig. 3) .
Group 2
The only statistically significant changes (P<0.05) in the biochemical and haematological variables were an increase in AST and blood-glucose and a decrease in serum phosphate at 24 h. All of these variables had returned to normal 5 days after operation. The mean values for the variables with statistically significant changes are shown in table I. Renal function, as assessed clinically and by measurement of serum concentrations of urea, uric acid and creatinine, was normal in patients following enflurane anaesthesia.
DISCUSSION
The minor changes in the biochemical and haematological variables in the present study are similar to those of other studies of enflurane anaesthesia (Botty et al., 1968; Dobkin et al., 1968; Dobkin et al., 1969) and are probably related to the operation (Clark, Doggart and Lavery, 1976) . No evidence of an adverse effect on liver function was seen in this small group of patients'. However, there have been isolated case reports (Denlinger, Lecky and Nahrwold, 1974; Sadove and Kim, 1974; Van der Reis et al., 1974) of liver damage, allegedly associated with enflurane. No data are available concerning liver function following repeated enflurane anaesthesia. About 10 million patients have received the drug, but no pattern of suspicion such as that concerning liver damage in respect of halothane (Walton etal., 1976) has emerged.
Enflurane is metabolized to inorganic fluoride; in this respect it resembles methoxyflurane. Cousins and Mazze (1973) have concluded that dose-related nephrotoxicity is associated with methoxyflurane, following serum inorganic fluoride concentrations in excess of 50 (xmol. litre"
1 . Using the expression U F V, Norgate, Sharp and Cousins (1976) have proposed a nephrotoxic threshold of 2500 (xmol. day"
1 . In the present study and that of Cousins and his colleagues (1976) both serum and urine inorganic fluoride concentrations were well below the potential nephrotoxic values, both during and after enflurane anaesthesia.
Isolated liver microsomes, from rats pretreated with phenobarbitone, caused increased enflurane defluorination which was not seen in vivo (Norgate, Sharp and Cousins, 1976 ). Enflurane's physical characteristics may explain this paradox. The low fat solubility permits rapid clearance of the drug from the body and thus the time available for enflurane metabolism by the liver in vivo is limited. Therefore, one might predict that previous induction of drug-metabolizing enzymes would not affect enflurane metabolism significantly. In the present study and that of Cousins and his colleagues (1976) , enflurane defluorination appeared to be very variable between patients. However, it is of interest that the greatest serum inorganic fluoride concentration (28 (xmol.litre" 1 ) in our study occurred in a patient who was receiving phenytoin (a well-recognized enzyme-inducing agent) at the time of anaesthesia. Cousins and his colleagues (1976) described a patient with a peak serum inorganic fluoride concentration of 106 (jimol.litre" 1 which was thought to be a result of enzyme induction. Although these two patients may still be within the normal variation in enflurane metabolism, the possible effect of enzyme induction cannot be discounted. In addition, the degree of enflurane defluorination is apparently not dose-related. Whether the response of a damaged kidney to fluoride is different from that of a normal kidney is not clear.
Any interference with glomerular filtration rate will affect the clearance of inorganic fluoride adversely. For these reasons the administration of enflurane to patients with pre-existing renal disease is probably unwise.
It is concluded that enflurane anaesthesia does not disturb the commonly measured biochemical and haematological variables significantly. Although defluorination of enflurane to inorganic fluoride appears to be variable, it seems unlikely that nephrotoxic concentrations of inorganic fluoride will occur in patients with normal hepatic and renal function. However, it is reasonable to express caution concerning the administration of enflurane to patients with renal disease and those treated with enzyme-inducing drugs. Perrin, J., and Appleyard, A. J. (1976 
